Stauroneis pachycephala was described in 1881 from the Baakens River, Port Elizabeth, South Africa. Recently, it was found during surveys of the MacKenzie River (Victoria, Australia), the Florida Everglades (USA), and coastal marshes of Louisiana (USA). The morphology, ecology and geographic distribution of this species are examined in the present paper. This naviculoid species is characterised by lanceolate valves with a gibbous centre, a sigmoid raphe, an axial area narrowing toward the valve ends, and capitate valve apices. The central area is a distinct stauros that is slightly widened near the valve margin. The raphe is straight and filiform, and the terminal raphe fissures are strongly deflected in opposite directions. Striae are fine and radiate in the middle of the valve, becoming parallel and eventually convergent toward the valve ends. The external surface of the frustule and copulae is smooth and lacks ornamentation. We also examined the type material of Stauroneis pachycephala. Our observations show this species has morphological characteristics that fit within the genus Envekadea. Therefore, the transfer of Stauroneis pachycephala to the genus Envekadea is proposed and a lectotype is designated.
Introduction
Recent revisionary efforts on the classification and phylogeny of diatoms have targeted the naviculoid diatoms and recognised the importance of valve ultrastructure, protoplast organisation, molecular sequences, ecological and geological ranges, sexual compatibility and biogeography in defining relationships and diversity within this heterogeneous group (Round & Sims 1981 , Round et al. 1990 , Mann 1999 , Spaulding et al. 1999 . Revisions resulted in the resurrection and description of a large number of genera split off from the catch-all genus Navicula s.l. Bory de St. Vincent (Round et al. 1990 ). The genus Envekadea Van de Vijver et al., was described to separate naviculoid diatom taxa with a sigmoid raphe, non-porous copulae and large, rectangular to polygonal areolae closed by external hymenes (Gligora et al. 2009 ).
Members of this genus are distributed across a broad ecological spectrum from marine to oligotrophic freshwater species (Gligora et al. 2009 ). To date, five species have been recognised in the genus (Gligora et al. 2009 , Graeff et al. 2013 , Lee et al. 2013b including Envekadea pseudocrassirostris (Hustedt) Van de Vijver, Gligora, Hinz, Kralj & Cocquyt, E. hedinii Stauroneis pachycephala P.T. Cleve presents morphological features that conform to the genus Envekadea. Stauroneis pachycephala was described in 1881 from Baakens River, Port Elizabeth, South Africa and has subsequently been reported in Australia (Foged 1978 , John 1983 , 1993 , Gell & Gasse 1994 , Hodgson 1995 , Vyverman et al. 1995 , Hodgson et al. 1997 , Haynes et al. 2007 , Taukulis & John 2009 ), New Zealand (Foged 1979 , Sweden (Cleve-Euler 1953) , Sri Lanka, Cuba, and Papua New Guinea (Foged 1976 , 1984 , Vyverman 1991 . In the present paper, we provide morphological, ecological, and biogeographical analyses of Stauroneis pachycephala based on new collections from Victoria (Australia), Florida (USA), Louisiana (USA) and compare these with type material from South Africa. Furthermore, the transfer of S. pachycephala to Envekadea is proposed and a lectotype is designated.
Material and methods

Study sites
The MacKenzie River is located on the northern slopes of the Grampians National Park in Victoria, south-east Australia. The river receives a substantially modified and engineered flow regime since the construction of Wartook Reservoir in 1887 (SKM 2002 , Atazadeh et al. 2012 ).
The river is one of the main tributaries of the Wimmera River and flows approximately 50 km The second site studied was the Florida Everglades, USA. This large wetland extends from Lake Okeechobee in the north to Florida Bay in the south and includes both the freshwater marsh in the interior and marine marsh along the coast. The Everglades has a distinct wet and dry season controlled by the subtropical climate and hydrologic management. Anthropogenic and total suspended solids (TSS) were measured in the laboratory using a Hach DR 2800 spectrophotometer. Diatom samples were digested in 10% H 2 O 2 at 90°C on a hotplate for 2 hours, after which 2 drops of 10% HCl were added. Samples were filled with distilled water and left to settle overnight, the supernatant was discarded, and this process repeated at least four times (Battarbee 1986). Permanent slides were prepared using the mountant Naphrax. Diatoms were identified using a Nikon Eclipse 80i microscope equipped with differential interference contrast (DIC). For scanning electron microscopy (SEM), the rinsed samples were resuspended in a solution of deionised water and household bleach (50:1) for 30 minutes and rinsed three times in distilled water. Diatom suspensions were dried directly on 22 mm aluminium stubs and gold coated with a Dynavac Xenosput sputter coater. Frustules were imaged in a Philips XL30
field-emission scanning electron microscope, with a working voltage of 2.0 kV and spot size 2.
Material and samples from Florida and Louisiana were collected and prepared as noted in Lee et alaskana Foged (1981) from Kuzitrin Lake, Alaska. 
Results
Envekadea pachycephala
Taxonomic remarks:
The morphological characteristics observed in Stauroneis pachycephala, such as the sigmoid raphe with the unilaterally deflected internal proximal ends, external distal raphe ends deflected in opposite directions and uniseriate, radiate striae occluded by external hymenes covering the entire valve, the internal structure of the areolae, and the unperforated (Gligora et al. 2009 , Graeff et al. 2013 , Lee et al. 2013b .
Ecology:
The pH in the MacKenzie River where Envekadea pachycephala was reported was circumneutral to acidic and the specific conductivity, suspended solids, and nutrient concentrations were low (Table 1) . During this survey in the MacKenzie River, E. pachycephala was found only in the upper reaches of the MacKenzie River, especially near Wartook Reservoir.
The most common diatom genera in the MacKenzie River were Tabellaria, Navicula, Gomphonema, Frustulia, Brachysira, Brevisira, Eunotia, and Neidium. The relative abundance of E. pachycephala was low (3-4%). It was found in standing or slowly flowing water. In contrast, this species was present (maximum abundance 5.8%) in a higher range of specific conductance (96.9-5420 µS cm -1 ) with slightly high concentrations of periphyton nutrient content (total phosphorus 163-595 µg/g), and pH from 5.23-7.67, in the Florida Everglades. In Louisiana, the salinity optimum for E. pachycephala was estimated at 2.43 ppt, but the taxon was found in sites with salinities from 0.02 to 10.67 ppt (Smith 2012). The type material from South Africa showed that this species co-occurs with brackish species such as Navicula, Mastogloia, and Plagiotropis. These results show that E. pachycephala has a wide ecological tolerance from freshwater to brackish and low to high concentrations of nutrients.
Discussion
In the original description by Cleve (1881), Envekadea pachycephala was reported from brackish water in South Africa. In 1953, this species was reported by Cleve-Euler from both
Sweden and the southern hemisphere in fresh and brackish waters (Table 2) . Cleve (1894) and Foged (1978) , E. pachycephala is mesohalobous and alkaliphilous (Table 2 ). This taxon was also reported by John (1983) from the Swan River Estuary in Western Australia. In our study, E.
pachycephala was found in freshwater in Australia, whereas populations from Florida and Louisiana were growing in fresh to brackish conditions and across wide nutrient spectrum. Foged (1984) earlier reported this taxon from Cuba. Based on this wide geographic range, species distribution could be described as subtropical and more common in the southern hemisphere (Fig. 40) .
When originally described, the genus Envekadea included species inhabiting a broad ecological spectrum, from brackish to fresh waters (Gligora et al. 2009 ). There are limited diatom genera that inhabit both fresh and saline waters (e.g. Surirella, Mastogloia, Navicula, Nitzschia; Round & Sims 1981); most genera are limited in distribution to fresh or saline habitats. Our study confirmed that Envekadea species tolerate a wide range of salinities, but in our case, we note that a single Envekadea taxon, E. pachycephala, is also found across a wide range of salinity and nutrient conditions. For example, E. pachycephala has been reported from both brackish and freshwater collections in Australia and adjacent areas (Foged 1978 , John 1983 , Gell & Gasse 1994 , Vyverman et al. 1995 , Hodgson et al. 1997 African specimens also have slight differences in valve outline, with margins that more abruptly narrow moving away from the gibbous valve center, with larger specimens having nearly parallel sides tapering to capitate ends. However, efforts to identify nonreducible morphological groups within the populations we studied did not provide clear separation of any subset of specimens or populations to suggest we are working with more than one taxon. The broad geographic range and environmental tolerance clearly invites future efforts to consider reproductive and molecular evidence that might support recognition of separate species within this widespread taxon.
Conclusion
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